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ABSTRACT 

An event-triggered spectrograph s h u t t e r  with a 
speed of 70 meters sec-1 has  been constructed and 
used t o  study shock tube plasmas. 
simultaneously serve two-high aper ture  spectrographs. 
Several s e q u e n t i a l  exposures of 8-150 1-1 sec can be  
obtained over a per iod  of 300 p see. Ji t ter  i n  
opening and exposure times i s  6-8%. Delayed times 
can be var ied  mechanically i n  a simple and predetermined 
way . 

The s h u t t e r  can 



I. INTRODUCTION 

This no te  descr ibes  an event-triggered s h u t t e r  which provides 

exposure times i n  t h e  range $-2!50f 1.I sec. 

device i s  l a r g e  enough s o  t h a t  i t  should be u s e f u l  f o r  more general  

s h u t t e r i n g  app l i ca t ions  than t h e  one f o r  which i t  was  s p e c i f i c a l l y  

developed. 

The open aper ture  of t h i s  

Gas-driven shock tubes are p a r t i c u l a r l y  d i f f i c u l t  sub jec t s  f o r  

t i m e  resolved photographic spectroscopy. ('-') 

d i f f e r e n t  from one another i n  thermodynamic conditions,  appear i n  r ap id  

succession as the i n c i d e n t ,  f i r s t  r e f l e c t e d ,  and mul t ip ly  r e f l e c t e d  shocks 

sweep p a s t  t h e  spec t roscopic  l i n e  of s igh t .  

geneous, s teady  state regions vary between 

t i m e  of a high pressure  diaphragm, which i n i t i a t e s  events i n  the  shock tube, 

cannot be p red ic t ed  accura te ly .  For t h i s  reason, h$gh speed sec tored  

d isks  cannot r ead i ly  be  employed as shu t t e r s .  

t h e  advantage of continuous recording, ( 3 y 4 9 8 )  bu t  spec t roscopic  d a t a  is 

somewhat degraded by 1) a l o s s  of r e so lu t ion  due t o  d i s t o r t i o n  and v ib ra t ion  

of t h e  f i l m  plane,  and 2) t he  need t o  superimpose f iduc ia ry  s p e c t r a  and 

Severa l  plasmas, q u i t e  

T e s t  times ava i l ab le  f o r  homo- 

The opening 10-200 1.1 sec. '3-8) 

Revolving drum cameras o f f e r  

t he  da t a  intended f o r  q u a n t i t a t i v e  photometry. Rela t ive ly  slow-moving 

s h u t t e r s  must employ narrow slits t o  achieve s h o r t  sampling times. 

is a tendancy f o r  such s h u t t e r s  t o  stop-down t h e  fast  spectrographs 

needed f o r  t h i s  type of work. 

There 

U s e  of exploding wires o r  f o i l s  t o  d r ive  f a s t  s h u t t e r s  has  been 

r epor t  e d p r e v i  ous l y  a ('-12) 

b ina t ion  of des i r ab le  f e a t u r e s  not  incorporated i n t o  earlier designs 

For in s t ance ,  when employed with a stigmatic spectrograph, i t  can be 

However, t h e  present  s h u t t e r  o f f e r s  a com- 
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operated i n  e i t h e r  a close-open-close mode, o r  t o  frame several events 

of 8-150 1-1 sec duration. It w i l l  no t  choke-off l i g h t  i n  o p t i c a l  systems 

as f a s t  as f/6.3 

simultaneously 

and can provide time reso lu t ion  f o r  two spectrographs 

f o r  example, a high r e so lu t ion  instrument f o r  l i n e  broadening 

s t u d i e s  and a wide bandpass instrument f o r  comphensive l i n e  i n t e n s i t y  

measurements. Time delays (above a minimum of 80 1.1 sec)  and exposure 

t i m e s  can b e  va r i ed  i n  a convenient way, 

and opening t i m e s  is  adequate f o r  normal shock tube appl ica t ions .  

The r ep roduc ib i l i t y  of exposure 

11. DESIGN 

A cut-away diagram of the  s h u t t e r  i s  shown i n  Figure 1. The 

moving element is  an aluminum s l i d e r ,  containing one o r  more s l i ts ,  and 

terminated a t  one end by a c i r c u l a r  cap. This cap f i t s  c lose ly  t o  t h e  

w a l l s  of a c y l i n d r i c a l  channel, a c t i n g  as a gas seal. The s l i d e r  behaves 

l i k e  a p i s t o n  when driven from behind by an exploding w i r e .  

a. Mechanical 

The impulsive d r iv ing  force  f o r  t h e  s l i d e r  is  generated by the  

expanding products from an exploding w i r e ,  confined i n i t i a l l y  t o  a small 

volume. Because the  mechanical stresses are q u i t e  formidable, t h e  main 

s h u t t e r  component (pa r t  No.  3 of Figure 1 )  i s  machined from a s i n g l e  

th i ck  phenol ic  block. Two 3/4*' diameter ho les  i n t e r s e c t  wi th in  t h i s  

block t o  form a tee. The h o r i z o n t a l  3/4" bore is  used as a channel f o r  

the  moving s l i d e r .  The vertical  bore houses a c y l i n d r i c a l  phenolic plug, 

a s e c t o r  of which has been removed t o  form a shallow expansion chamber 

f o r  t he  exploding w i r e .  

2" 

A p a i r  of aluminum e lec t rodes  P a r t  No. 4 of Figure 1, 

containing t ape r  p ins  f o r  secur ing  the  exploding w i r e ,  form t h e  

ends of t h i s  plug. This assembly is ex t r ac t ed  from the  phenolic block 



- 3 -  

a f t e r  10-12 f i r i n g s ,  s o  t h a t  accumulated debr i s  can be e a s i l y  removed., 

Three 1/2" vents  i n t e r s e c t  t h e  3/4" ho r i zon ta l  bore 2" downstream 

from the  exploding w i r e ,  

by the  s l i d e r  during i t s  use fu l  travel and, subsequently, allow t h e  escape 

These reduce the  compressive work performed 

of t he  h o t  gasses trapped behind the  s l i d e r  disk. The s l i d e r  bore gradually 

erodes, s o  tkat t h e  phenolic block must be replaced a f t e r  300-400 runs. 

A s h e l l  of tempered 1/8" aluminum p l a t e s  surrounds the  

phenolic block on five s ides .  This s h e l l  provides mechanical reinforcement 

and serves as the  outer  conductor of a shor ted  coax ia l  cy l inder ,  t h e  inner 

member of which i s  the  exploding w i r e ,  

the energy t r a n s f e r  t o  t h e  exploding w i r e  (I3) and minimizes 

i n  photomul t ip l ie rs  and osc i l l i s copes .  Shrouds made of aluminum shee t  

(not shown i n  Figure 1 )  t r a p  s t r a y  l i g h t  and reduce no i se  from t h e  dis- 

charge . 

The coax ia l  arrangement optimizes 

r f  pickup 

S l i d e r s  are made from O , O J 2 "  high s t r e n g t h  alumium a l l o y  

(Alcad 2024-T3). 

t h e  c i r c u l a r  gas seal, and two s m a l l  t abs  which r e in fo rce  t h e  junc t ion  

between t h e  s l i d e r  and t h e  seal, are d i e  stamped and joined toge ther  

with a spot-welder. The complete s l i d e r  weighs 1,l g. This m a s s  he lps  

maintain a nea r ly  uniform coas t ing  speed following the  s l i d e r ' s  i n i t i a l  

acce le ra t ion ,  Various combinations of s l i ts  (widths 0.7 - 8.0 mm) 

can be  die-stamped wi th in  the  use fu l  

A s l i d e r  can normally be used between two and four  times. 

The rec tangular  po r t ion  (42 x 19 mm) of the  s l i d e r ,  

15 x 30 mm por t ion  of t he  s l i d e r .  

The s l i d e r  is  a r r e s t ed ,  a f t e r  t r a v e l i n g  t h e  length of the 

h o r i z o n t a l  bore,  by a s tu rdy  s l a b  of aluminum (No.  6 i n  Figure 1)- 

r ec t angu la r  po r t ion  of t h e  s l i d e r  passes through a s l o t  i n  t h i s  cover, 

The 
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b u t  the s l i d e r b  gas seal rams i n t o  i t ,  

serves as the  po in t  of attachment f o r  s t a t i c  (1 x 10 m) s l i ts  whi& a i d  i n  align- 

mat ~f the  s h u t t a r ,  m d  f o r  a beam s p l i t t e r $ ,  Located behiad No, 2 of f igu re  1, which 

permits t h e  s h u t t e r  t o  serve more than one spectrograph. 

assembly can be quickly disconnected t o  allow changing o r  inspec t ion  

This heavy aluminum s l a b  a l s o  

The whole 

of s l i d e r s ,  

p o s i t i o n  the  s l i d e r  i n  i t s  bore: 

determines the  time delay before  the  f i r s t  exposure, i .ee ,  before  the  

f i r s t  moving s l i t  crosses  the  s t a t i c  slit .  

b e  Electrical 

Preparatory t o  f i r i n g ,  a gauge block i s  used t o  accura te ly  

the depth t o  which i t  is set  back 

Figure 2 i s  a schematic diagram of t h e  electrical  c i r c u i t .  

Power f o r  t h e  exploding w i r e  is  suppl ied  by two 

C0.l mh] i n  p a r a l l e l  wi th  a 

For t h e  26 gauge t inned copper exploding w i r e  normally used, a 

charging vol tage  of 6.5 kV gave the b e s t  combination of r e p e a t a b i l i t y  

and component l i f e .  Higher vol tages  tended t o  deform s l i d e r s ,  r a t h e r  than 

giving them a g r e a t e r  acce le ra t ion ,  and t o  l e s sen  reproducib i l i ty .  Lower 

vo l tages  d i d  no t  impart s u f f i c i e n t  speed t o  t h e  s l i d e r s .  A conventional 

thyratron-driven spark gap discharges the  capac i tor  bank. The thyra t ron  

is  t r igge red  by a 200 v o l t  pu lse  from an ion iza t ion  gap located i n  t h e  

7.5 uf capac i tors  

5.0 pf [20 nh] capacitor.  

shock tube w a l l .  

111. PERFORMANCE 

S l i d e r  dynamics were t e s t e d  using models having f i v e  equally 

spaced slits. 

transmissions were measured w i t h  a photomul t ip l ie r  and recorded on a CRO. 

After  a per iod  of acce le ra t ion  l a s t i n g  80 u sec, t h e  s l i d e r s  a t t a i n  a 

As these  passed across a well-colimated beam of white l i g h t ,  

speed of 70 m sec-', which remains e s s e n t i a l l y  cons tan t  f o r  300 i.~ sec 
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t h e r e a f t e r .  

Figure 3a, 3b, respec t ive ly .  These d a t a  were obtained during a series 

Random v a r i a t i o n s  i n  delay and exposure t i m e s  are shown i n  

of shock tube experiments i n  which wide 

t h e  longes t  poss ib l e  photographic exposures f o r  weak l i n e s  i n  plasmas of 

(7 mm) slits w e r e  used t o  obta in  

EO-200 1-1 sec duration. Standard deviations i n  both histograms is  7 - 8% e 

Perhaps 10%. of the  scatter in  t i m e  delays i s  due t o  j i t t e r  i n  the  break- 

down time of t h e  shock tube ion iza t ion  gaps which supply the  i n i t i a l  

t r i g g e r i n g  s igna l .  
0 0 

Figure 4 shows an 80 A wide sample of t he  .1700 A of spectro- 

scopic  shock tube d a t a  obtained wi th  t h e  s h u t t e r  i n  a s i n g l e  experimental 

run. The spectrograph is  a stigmatic, 1 meter g ra t ing  instrument with 

a speed of f /9  . Such spectrograms provide d a t a  on both t h e  s t r eng th  and t h e  

S tark  broadening and s h i f t i n g  s p e c t r a l  l i nes .  [14 ’ E 

f i r s t  and mul t ip ly  r e f l e c t e d  shocks are q u i t e  d i f f e r e n t  thermodynandcally, 

Plasmas behind 

s o  t h a t  spec t roscopic  da t a  from both regions i s  des i rab le .  The la t te r  

plasma is  usua l ly  t h e  b r i g h t e r  by 50 - 200% because of add i t iona l  shock 

heating. 

d e n s i t i e s  f o r  both plasmas by s u i t a b l y  s e l e c t i n g  t h e  widths of the  two s l i d e r  

Nevertheless, i t  i s  poss ib l e  t o  obta in  optimal photographic 

slits. For t h e  depicted d a t a ,  s l i t  widths of 2.5 mm and 1.5 mm are used t o  

sequen t i a l ly  expose the  f i r s t  and multiply r e f l e c t e d  regions,  respectively.  

Both s l i ts  are 4.0 mm i n  height.  There i s  a 1.3 mm high region where 

the two sl i ts  do n o t  overlap v e r t i c a l l y .  This leaves a 1.3 ram por t ion  

of t h e  f i lm  unexposed t o  t h e  shock tube spec t ra .  Af te r  f i r i n g  t h e  

shock tube, t h i s  po r t ion  of the  f i l m  receives an i r o n  a r c  spectrum ( a  

s u i t a b l e  mask prevents t h e  arc spectrum from being superimposed on the  

shock tube da ta ) .  



Because the  gas-driven shock tube i s  not  a highly repro- 

ducible spec t roscopic  l i g h t  source, photographic sampling t i m e s  

should be d i r e c t l y  co r re l a t ed  with the  times a t  which plasma conditions 

are 

the  

measured. 

photographic spectrograph .is used t o  d e f l e c t  l i g h t  i n t o  a photo- 

For t h i s  purpose a small mir ror  nea r  t h e  f o c a l  plane of 

mul t ip l i e r .  

t i m e  base with pho toe lec t r i c  signals from various monochromators used f o r  

plasma thermometry. 

The output is  displayed on a multi-beam CRO on a common 

IV. CONCLUSIONS 

A high speed mechanical s h u t t e r  has been developed and used 

rout ine ly  f o r  q u a n t i t a t i v e  shock tube spectroscopy. Delay and sampling 

times can be  var ied  i n  a convenient way. 

j o i n t l y  by two spectrographs f o r  enhanced e f f i c i ency  i n  gathering data. 

It should prove u s e f u l  f o r  event-triggered sequen t i a l  framing of t r a n s i e n t  

(8 - 150 1-1 sec )  plasmas, p a r t i c u l a r l y  where i t  i s  necessary t o  f u l l y  

u t i l i z e  ava i l ab le  signal leve ls .  

The s h u t t e r  can be used 
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FIGURE 1, Cut-away view of shutter ready for firing: 2) s t a t i c  s l i t  assembly, 
3) breech, 4) electrodes for securing w i r e ,  5 )  high voltage 
connections, 6)  stop for shutter slider and the member used for 
mounting the shutter, 
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FIGURE 2, Schematic diagram of the electrical curcuit. 
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